smaller significance, there is a potential threat of increased disease transmission among people of different nationalities.
The aim of the present analysis was to evaluate the transmission of tubercle bacilli between patients living in 3 neighboring countries: Poland, the Czech Republic, and Slovakia. In 2007, these countries acceded to the Schengen Agreement that abolished border checks. People are currently moving across these borders for economic, personal, and touristic reasons. In these areas, the lowest incidence rate of tuberculosis (4.22/100 000) was noted in the Moravian Region in the Czech Republic; slightly higher, in the Žilina Region in Slovakia (5.59/100000); and the highest, in the Silesia Province in Poland (28.00/100000). Microbiological data about strains were obtained from the laboratory staff, and information about the patients-from the documentation collected by clinicians.
The strains were cultured on solid media: egg--based L-J medium, Ogawa and Sulova medium, or in automated systems: BBL MGIT, isotopic Bactec 460-Tb (Becton Dickinson, New Jersey, United States), and colorimetric MB/BacT (BioMerieux, Marcy l'Etoile, France). Identification of M. tuberculosis species was performed using the niacin test and molecular method (Hain Lifescience, Nehren, Germany). Drug-resistance of M. tuberculosis strains was determined on fluid and solid media in accordance with the methodology applied in laboratories for mycobacterium species.
17 Genotyping of strains was performed with the use of spoligotyping and IS6110-Mtb1--Mtb2 polymerase chain reaction (PCR). 18, 19 results epidemiological characteristic of patients The study group comprised 148 men and 61 women. The age of patients ranged from 2 to 96 years (mean age, 58.1 years). Two age groups predominated: 45-64 years and older than 65 years. Among 205 patients (98%), pulmonary tuberculosis was diagnosed; in the remaining cases (4 [2%]), extrapulmonary type was observed: 2 subjects had tuberculosis of the urinary system, 1 patient-of soft tissues; and 1 patient-of the lymph nodes. In the population of patients with pulmonary tuberculosis, concomitant diseases were as follows: in 15 patients, specific pleuritis; of tuberculosis and infection with human immunodeficiency virus (HIV). [3] [4] [5] It has been proved that about 5% to 10% of infected persons who do not receive treatment for latent tuberculosis infection will develop tuberculosis disease at some time in their lives. For people whose immune systems are weak, especially those with HIV infection, the risk of developing tuberculosis is much higher than for people with normal immune system function.
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The development of tuberculosis shortly after infection is treated as the consequence of recent transmission, whereas cases of longer periods of mycobacteria latency are treated as reactivation. [7] [8] [9] Molecular epidemiology is one of the main areas in tuberculosis research that is widely used to study the transmission epidemics and outbreaks of tubercle bacilli. It exploits the presence of various polymorphisms in the genome of the bacteria that can be widely used as genetic markers. Many DNA typing methods apply these genetic markers to differentiate various strains and to study the evolutionary relationships between them. The 3 widely used genotyping tools to differentiate M. tuberculosis strains are IS6110 restriction fragment length polymorphism (RFLP), spacer oligotyping (spoligotyping), and mycobacterial interspersed repeat units-variable number of tandem repeats (MIRU-VNTR). A new prospect towards molecular epidemiology was introduced with the development of whole-genome sequencing and the next-generation sequencing methods, where the entire genome is sequenced, which not only helps in spotting minute differences between the various sequences but also saves time and cost. Next-generation sequencing has also proved to be useful in identifying single nucleotide polymorphisms, comparative genomics, and also various aspects of transmission dynamics. These techniques enable the identification of mycobacterial strains and facilitate the study of their phylogenetic and evolutionary traits.
While searching for the source of infection, molecular testing supplemented with epidemiological investigation is the only way to obtain reliable results. If an access to information about the circumstances of contact with a potential source of infection is not possible, such tests are frequently the only proof of transmission of tuberculosis in the human environment. 10, 11 Tuberculosis spreads easily because it is transmitted by droplet infection. Long-term studies on tuberculosis transmission in the setting of the infected individual have shown that the risk of infection in such conditions is very high and depends on the degree of infectivity of the index case, duration of exposure, proximity of contacts, and environmental factors.
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People that are the most exposed to infection and incidence of tuberculosis are those from the so called contacts strictly defined by the WHO.
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Currently, when people from various regions of the world have vast possibilities of moving around and administrative borders of the states are of spoligotyping and the division of strains into specific molecular families are presented in tAbles 1 and 2.
The following spoligotypes were the most common: T1 53 was identified in 48 patients (23%); H3 50, in 28 patients (10%); H3 99, in 11 patients (5%); H1 47, in 9 patients (4%), and T4 CEU1 39, in 8 patients (4%). From 2 patients (1%), bovine mycobacteria, BOV 820, were cultured, and in 2 patients (1%), the Beijing family strains of M. tuberculosis were identified.
Genotyping by Is6110-mtb1-mtb2 polymerase chain reaction Further stages of the molecular analysis concentrated on 157 strains, which, as a result of spoligotyping, constituted 25 genetic families (clusters), whereas the strains with single genotypes were excluded.
A genetic relationship between strains within the families was examined using IS6110-Mtb1--Mtb2 PCR, by analyzing the value of the PCR products obtained in 2 independent reactions. The compatibility of spoligotypes and identity of DNA profiles of the strains compared in 2 amplifications decided about their belonging to 1 molecular cluster. in 4, specific peripheral lymph adenitis; in 1 patient, the larynx was involved; and in 1 patient, pneumoconiosis-tuberculosis was diagnosed.
Of the whole study group, 168 patients (80%) were diagnosed for the first time, 39 subjects (19%) had been treated earlier, and in the case of 2 patients (1%), the data were insufficient. There were 26 patients (12%) who came from the families with at least 1 person with a history of tuberculosis, while 180 patients (86%) did not report having such a history. In 3 patients (2%), such information has not been obtained.
Genotyping by spoligotyping At the initial stage of the molecular analysis, genomic DNA of 209 strains underwent spoligotyping. The obtained genetic patterns were compared with an international spoligotype database, SpoIDB4, and each pattern was determined. We identified 77 spoligotypes, and 177 strains (85%) were proved to be registered in the database. Thirty-two strains (15%) had new patterns, not recorded in the worldwide register. Unique (single) patterns were found in 52 strains (25%), and the remaining 157 strains (75%) were divided into 25 clusters including from 2 to 48 strains. The results of identified: A/H3 50 (8 patients from Slovakia and 5 from the Czech Republic), D/T4_CEU1 39 (2 from Slovakia and 2 patients from the Czech Republic), and F/H1 47 (1 from Slovakia and 1 patient from the Czech Republic). The B/T1 53 cluster was common to the patients of all nationalities: the strains with such a DNA profile were isolated from 2 Poles, 3 Slovaks, and 1 Czech. C/T1 53 was typical of 3 patients from Poland and 1 patient from the Czech Republic. The strains with the genetic pattern E/S 34 were isolated from 1 female patient from Poland and 1 male patient from Slovakia.
dIscussIon The analysis focused on the assessment of M. tuberculosis transmission between patients living in 3 adjoining countries: Poland, the Czech Republic, and Slovakia. Epidemiological data were supplemented by the results of molecular tests, on the basis of which potential epidemic foci were identified. Within these potential foci, the strains of identical DNA patterns were isolated. It was assumed that the separate groups of tuberculosis patients that expelled the strains belonging to the same cluster reflect possible transmission.
20
Based on this criterion, the number of strains that formed clusters was reduced from 157 to 82, whereas the number of identified molecular families decreased from 25 to 23 (tAble 3) . At this stage of the analysis, molecular affinity of strains belonging to the following 11 spoligotypes was excluded: T3 37, T5 44 (in each 4 strains), Beijing 1, BOV 820, H2 2, T1_RUS2 280, LAM9 42, H4 35, H3 511, T1 1278, and T2 52 (in each 2 strains).
A subsequent stage of the study consisted in a detailed epidemiological analysis of 82 patients. The strains cultured from these patients were divided among 23 genetic clusters. The isolated strains were assigned to particular families. Thirty--nine (19%) strains were isolated from Polish patients, 10 strains (7%) from Czech patients, and 33 strains (23%) were cultured in Slovakia. Seventeen clusters were identified as national: 10 clusters were found among the strains cultured from Polish patients and 7 from Slovak patients.
Six clusters (A-F) included 30 strains isolated from patients of various nationalities: 14 Slovaks, 10 Czechs, and 6 Poles, and they were determined as international clusters (tAble 4) .
Among the population from the Czech Republic and Slovakia, 3 international clusters were 23 It is believed that it is the most virulent and dangerous type, often incurable, and resulting in death. It has been proved that patients infected with Beijing mycobacteria more frequently and more rapidly develop active form of the disease, compared with patients infected with the strains of another genotype. Mycobacteria with this DNA profile are considered to be endemic to the region of China, but it has been proved that Beijing tuberculosis caused an epidemic also in other regions of the world, mainly in the countries of the former Soviet Union. Beijing tuberculosis constitutes approximately 50% of cases identified in East Asia and concerns at least 13% of all patients with tuberculosis worldwide.
24-27 In Poland, it has been identified for the first time in 2000, in population with MDR tuberculosis. Since then, significant changes in this group of patients have been observed. In the studies conducted by Kozińska et al 28 between 2000 and 2004, Beijing strains were isolated mainly from foreigners (69% The initial stage of the molecular analysis of the strains included spoligotyping. The technique is widely considered to be the screening method of choice in the molecular testing tuberculosis epidemiology. It allows to divide M. tuberculosis complex strains into 10 main genetic families (Beijing, Beijing-like, CAS, EAI, Haarlem, LAM, MANU, X, S, and T). The analysis conducted in 122 countries showed that the most frequent spoligotypes in European countries are H, LAM, and T.
21 A high proportion of strains of these genetic types was also observed in the present analysis: the most frequently isolated strains in the study population belonged to the family T (90 [43%]) and H (62 [3%]). It should be emphasized that within the T family, the most frequent was T1 53 (48 [23%]), which, as shown by AugustynowiczKopeć, 22 is the most common spoligotype in the population of tuberculosis patients in Poland.
In the study population, 2 patients (Poles) with Beijing tuberculosis were found. Although the cultured strain was susceptible to antimycobacterial drugs, the patient died despite treatment. In Poland, patients with tuberculosis of the Beijing 
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Abbreviations: PCR, polymerase chain reaction of this method is that it is fast, fairly robust, and easy to perform, but has significant technical limitations, including the need of high-quality DNA and therefore requiring prior culture of the isolates and the determination of results based on visual inspection of images of band patterns that are difficult to share between laboratories. 19, 33, 34 Increasing differentiating power of the genetic methods used in the study correlated with the reduced number of strains constituting possible epidemiological groups. In spoligotyping, such groups were composed of 157 strains (75%), whereas in IS6110-Mtb1-Mtb2 PCR, the number of strains constituting potential epidemic groups was reduced to 82 (39%). The strains isolated from the remaining 127 patients (61%) had unique single, not repeated, DNA profiles.
The history of the patients allowed us to establish that the study group included 27 individuals with a history of close contact with the family member with tuberculosis. Hence, it may be presumed that the source of infection in case of these patients was their home environment. It is well known that a sputum-positive member of the family poses the biggest danger to the closest people. Such person is classified as belonging to the first epidemiological circle that requires special epidemiological surveillance. In their studies, Kozińska et al 35, 36 have shown that transmission of tuberculosis occurred in 89% of the families that were under epidemiological investigation. High rates of transmission were also observed in numerous analyses conducted on other hermetic and small populations: the homeless, residents of social assistance homes, and hospital patients.
In the case of the remaining patients whose cultured strains had individual DNA profiles and who did not have a family history of tuberculosis, reactivation of the past infection or transmission of the strain "imported" to a given population from the outside should be considered. Also, it cannot be excluded that the presence of single genotypes may be caused by the changes in the genome of M. tuberculosis caused by DNA rearrangements that resulted from treatment, another host during transmission, or transformations connected with evolution.
37-39
The main objective of the study was to show whether there is transmission of tuberculosis between the populations of 3 adjoining countries. It has to be emphasized that the study was conducted in the so called third epidemiological circle, which, according to the WHO definition, means the population of patients who contact accidentally (in bars, shops, during travel) and in whom the index case is difficult to identify. 40, 41 Six (A-F) potential foci of international transmission were analyzed. It included 30 patients: 14 Slovaks, 10 Czechs, and 6 Poles. Considering the circumstances of possible contacts that could have enabled the transmission of the infection, we first of all considered journeys to the neighboring countries, hospital stays, and addictions (alcoholism). There was no evidence of certain strictly of strains). Probably because of legal and illegal crossing of the Polish eastern border, the influx of immigrants from Asia (Vietnam, Kazakhstan, and Chechnya), and failure to appropriately control the transmission of the disease, MDR Beijing tuberculosis started to spread among the Polish population and the proportion has been reversed: at present, 39% of strains are isolated from foreigners and 61%-from Poles. 28 An interesting finding was the identification of another mycobacteria spoligotype untypical of Europe, namely, EAI, in 1 patient from Slovakia. It is the second most frequent type of tuberculosis, just after the Beijing family, identified in patients from Asia and the Far East (34%), Middle East, and Central Asia (24%) and Oceania (23%). The EAI strain was isolated from the patient coming from Asia; therefore, it may be presumed that the patient had been infected in his country of origin.
Bovine mycobacterial, BOV 820, were identified in 2 Poles. The molecular analysis excluded the genetic relationship between the strains, which implies that the patients were infected with this type of tuberculosis by 2 independent and unidentified sources. There have been numerous reports of tuberculosis transmission between animals and humans. It has been proved that the transmission of the source of infection may go in 2 directions: from humans to animals and, inversely, bovine tubercle bacilli may be transmitted from animals (mainly domestic and farm ones) to their keepers. 29, 30 In order to investigate the phenomenon of transmission between patients, we applied the 2-stage molecular analysis of the strains. The results of the first stage of the study again proved that spoligotyping is insufficient for investigating the routes of transmission of mycobacteria; however, it should be underlined that the method has numerous advantages, such as it is performed quickly, has high repeatability of the results, and big capacity (45 strains may be analyzed during 1 test). Furthermore, the method does not require large amounts of DNA and relies on genetic material isolated merely from several bacterial cells. Another important advantage of spoligotyping is the numeric record of molecular patterns of mycobacteria (binary and octagonal formats) and the possibility of cataloguing in the central database, SpolDB4. 31 As mentioned above, spoligotyping identifies main molecular families among M. tuberculosis, but it is not an appropriate tool to examine relationships between mycobacteria belonging to 1 chain of infection transmission. In order to analyze the genome of the examined group of strains in detail, methods having greater ability to differentiate strains are used, usually MIRU-VNTR, IS6110-RFLP, and gene sequencing. 32 In the present study, spoligotyping was supplemented with IS6110-Mtb1-Mtb2 PCR, a method that has been already described as having similar ability to differentiate strains as MIRU-VNTR. The strength specified circumstances of contact between the patients; therefore, it may be assumed that they only could have met accidentally.
As already mentioned, the molecular relationship between strains could be the result of recent transmission, but it is necessary to examine other factors causing the clustering results, especially in situations where there is no epidemiological evidence on the link between patients.
The amount of recent transmission depends heavily on the genotyping system applied, and its discriminatory power determines the proportion of clustered isolates. Our results have shown the importance of a combined strategy for M. tuberculosis typing, in which clusters defined upon spoligotyping would be subject to further differentiation using methods with high discriminatory power. 33, 42 Spoligotyping and IS6110-Mtb1-Mtb2 PCR produced clustering rates of 75% and 39%, respectively. The combination of these 2 methods provided certain and reliable evidence of the relationship of the tested strains.
However, clustering of M. tuberculosis isolates does not always represent recent transmission, and it can also reflect the persistence of well-conserved circulating endemic strains. 43 The absence of epidemiological data to confirm a clonal relationship among the isolates was an important limitation of this study.
Of note are significant differences in the incidence of tuberculosis in the analyzed area: the lowest incidence rate was observed in the Moravian Region in the Czech Republic; slightly higher, in the Žilina Region in Slovakia; and the highest, in the Silesia Province in Poland. 16 Numerous authors suggest that the epidemiological situation in border areas is influenced by the situation of the country with a higher incidence of tuberculosis.
44,45 However, the results of the present study have not shown that a higher incidence in Poland impacted on the number of tuberculosis cases in the border regions in the Czech Republic or Slovakia.
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